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Abstract

Background: Inadequate reduction of syndesmotic injuries can result in disabling clinical outcomes. The aim of the
study was to compare syndesmosis congruity after fixation by syndesmotic screws (SYS) or a suture button system
(SBS) using three-dimensional (3D) computed imaging techniques.

Methods: In a retrospective single-center study, patients with unilateral stabilization of an ankle fracture with a
syndesmotic injury and post-operative bilateral CT scans were analyzed using a recently established 3D method. The
side-to-side differences were compared for tibio-fibular clear space (ACS), translation angle (Aa), and vertical offset
(Az) among patients stabilized with syndesmotic screws or suture button system. Syndesmotic malreduction was
defined for ACS >2mm and for |Aa| > 5°. ACS and Aa were correlated with two-dimensional (2D) measurements.

Results: Eighteen patients stabilized with a syndesmosis screw and 29 stabilized with a suture button system were
analyzed. After stabilization, both groups revealed mild diastasis (SYS: mean ACS 0.3 mm, SD 1.1 mm vs SBS: mean ACS
0.2mm, SD 1.2mm, p=0.710). In addition, both stabilization methods showed slight dorsalization of the fibula (SYS:
mean Aa 0.5°, SD 4.6° vs SBS: mean Aa 2.1°, SD 3.7°, p=10.192). Also, restoration of the fibula-to-tibia length ratio also
did not differ between the two groups (SYS: mean Az of 0.5mm, SD 2.4 mm vs SBS: mean Az of 0mm, SD 1.2 mm;
p=0.477). Malreduction according to high Aa was most common (26% of cases), with equal distribution between the
groups (p=0.234). ACS and Aa showed good correlation with 2D measurements (0 =0.567; 0=0.671).

Conclusion: This in vivo analysis of post-operative 3D models showed no differences in immediate post-operative
alignment after syndesmotic screws or suture button system. Special attention should be paid to syndesmotic
malreduction in the sagittal orientation of the fibula in relation to the tibia in radiological control of the syndesmotic
congruity as well as intra-operatively.
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Background

There is broad agreement on the need for stabilization

of an unstable distal tibio-fibular joint due to a syndes-

motic injury in ankle fractures [1-3]. An unstable syn-
- ; Sy — Ry desmosis with diastasis results in eccentric stress on
e e S o the tibio-talar joint and i associated with poor clnicl
! Department of Orthopaedics, Traumatology and Plastic Surgery, outcome and higher rates of secondary osteoarthritis [2,
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conventional radiographic imaging is difficult [8]. There-
fore, intra-operative testing for instability is recom-
mended [1]. If instability of the distal tibio-fibular joint is
present, stabilization is indicated after anatomical reduc-
tion [1, 7]. The syndesmotic screw (SYS) and suture-
button systems (SBS) are available for this purpose. In
conventional radiographs, syndesmotic malreduction
after stabilization is described in about 20% of the cases
with a significantly worse functional outcome [9]. Using
computed tomography (CT), however, syndesmotic
malreduction rates of up to 52% have been reported [9,
10]. Therefore, because of the large interindividual and
small intraindividual anatomic differences of the distal
tibio-fibular joint, post-operative bilateral CT is recom-
mended if no intra-operative CT control was performed
[11-14]. Furthermore, two-dimensional (2D) measure-
ments cannot fully describe the three-dimensional (3D)
relationships of the syndesmosis [15, 16]. Meta-analy-
ses have shown that stabilization with SBS may be less
frequently associated with syndesmotic malreduction
[17-19]. There is still debate about which of the two
stabilization techniques should be preferred [20-23].
Therefore, in addition to the 2D assessment of fractures,
3D imaging is gaining importance for preoperative plan-
ning and the assessment of surgical outcomes [9, 15, 16,
24, 25]. The purpose of this study was to assess the post-
operative alignment of syndesmosis fixation performed
with either SYS or SBS using a 3D-based method [14].

Methods

We performed a retrospective case control study at
a level 1 trauma center. This study was conducted fol-
lowing approval from the local ethics committee
(AZ 131/18-ek; AZ 361/19-ek) and was performed in
accordance with the principles of the Declaration of
Helsinki. Informed consent to participate in the study
was given by all patients. Consecutive patients who
underwent stabilization of the syndesmosis as part of
surgical treatment of ankle fractures between 01/2008
and 12/2017 and met the inclusion criteria were
included (Table 1). Fractures were classified according
to the AO classification [26].

Table 1 Inclusion and exclusion criteria
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Operative management

All patients were treated according to the recommen-
dations of the AO after written informed consent [27].
Following anatomical fracture reduction, osteosynthe-
sis and verification of an instability under fluoroscopy,
stabilization with visualization of the syndesmosis was
performed with either a syndesmotic screw (SYS-group,
3.5mm, DePuy-Synthes, West Chester, PA) or a suture-
button device (SBS group, TightRope®, Arthrex, Naples,
FL, USA) as preferred by the surgeon [27, 28]. The syn-
desmosis was opened as far as it was accessible through
the lateral approach. Standard fluoroscopy (lateral and
mortise view) was applied intra-operatively to control the
reduction.

Imaging, 3D measurements and outcome parameters

All CT scans were performed within 3 days after surgery
using a multidetector CT scanner (iCT 256, Philips,
Best, The Netherlands). Patients were positioned supine
and feet first with the ankle in neutral position. The
scan area included bony structures at least 10 cm proxi-
mal to the distal tibial plateau. DICOM datasets with a
slice thickness of <2 mm were further segmented using
a dedicated 3D image processing software (Mimics
22.0, Materialise, Leuven, Belgium). Implants were vir-
tually removed and resulting osseous defects were vir-
tually filled considering the anatomical geometry. To
specify the three-dimensional post-operative anatomy,
3D imaging-based computerized measurements includ-
ing the tibio-fibular clear space (ACS), translation angle
(Aa) and vertical offset (Az) were analyzed as described
in a previous work (Fig. 1 a-b) [14]. ACS was defined
as difference between injured and uninjured side, with
positive ACS representing diastasis of the operative
side. Positive Aa implies dorsal translation of fibula in
relation to tibia, negative angles representing anterior
translation. Positive Az implies fibular shortening to the
reference fibula. Syndesmotic malreduction was defined
as ACS more than 2mm, |Aa| more than 5° or |Az| more
than 3 mm, based on their absolute values [2, 7, 14]. For
verification of 3D parameters, measurement of tibio-
fibular clear space (LCS) according to Leporjarvi and
anterior tibio-fibular distance (antTFD) according to

Inclusion criteria

Exclusion criteria

- unilateral stabilization of the syndesmosis with SBS or SYS
« anatomical reduction of the fractures
- uninjured ankle without pathologies

« postoperative CT included at least 10cm proximal to the distal tibial plateau

-age< 18years

- Bilateral ankle and/or syndesmosis lesion

- Pathologies of the uninjured ankle

- Inadequate fracture reduction with bone steps >2mm.
« Missing bilateral CT control

« CT less than 10cm proximal to the distal tibial plateau
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Fig. 1 a Visualization of tibial and fibular centers of volume of native (blue) and operated (red) side, respective connection vectors (70)’ ), and
measurements of vertical offset (Az) and translation angle (Aa) according to Souleiman et al. [14]. A case with dorsal malreduction of the fibula at
the stabilized ankle (red) is illustrated. The osteosynthesis plate (red model) has been left in this model to illustrate the operated side. These were
removed when calculating the parameters (see 2b). b Visualization of tibio-fibular clear space (CS,, CS;) measurement for native (blue) and operated
(red) side (b)

Ahrberg was performed using axial CT images approxi-
mately 10mm proximal to the tibial plafond of both
sides (Fig. 2) [13, 29]. These parameters were selected
due to their high intra-observer and inter-observer reli-
ability in evaluating side differences, as demonstrated in
previous studies [13, 30]. Again, the differences between
injured and uninjured sides were calculated (ALCS,
AantTFD). Positive LCS means diastasis of the syndes-
mosis and positive AantTFD means posterior transla-
tion of the fibula in relation to the tibia compared to the
uninjured side, respectively.

Statistics
Statistical analysis was performed with SPSS software
(version 25, Chicago, IL, USA). The Student’s t-test or

Mann-Whitney U-test were used to compare continu-
ous variables between the study groups depending on
normal distribution and study size (Shapiro-Wilk test).
Categorical variables were compared using Pearson’s
Chi-square test or Fisher’s exact test. P-values (p) <0.05
was considered as statistically significant. Spearman-
Rho correlation coefficients (p) were used for correla-
tion analysis of the 2D and 3D parameters, |p| were
interpreted as poor |p|<0.1), moderate 0.1<|p|<0.5
and good |p| >0.50 [31].

Results

Demographics and groups

Forty-seven of 184 patients met the inclusion criteria
of bilateral postoperative CT with a slice thickness of
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Fig. 2 Computed tomography with transversal plain 10 mm proximal to the tibial plafond of a left angle after osteosynthesis of the lateral (two
screws) and medial (plate and screws) malleolus to illustrate the 2D measurement of tibio-fibular clear space (LCS) and anterior tibio-fibular distance

(antTFD)

<2mm and a scan area of the tibia at least 10cm proxi-
mal to the plafond. The mean age was 48.2 years (range 24
to 87; SD 18.0year), men (N=28, in mean 42.0years, SD
13.3year) were younger (p=0.012) than women (N=19,
in mean 57.3 years, SD 20.5year).

Eighteen patients were stabilized with SYS (SYS group)
and 29 patients with SBS (SBS group). There were no sig-
nificant differences in age or sex distribution between the
groups (p=0.661, p=0. 866; Table 2).

Statistical outcome of 3D parameters between groups

Regardless of the stabilization, the mean CS at the sta-
bilized ankle was 3.5mm (range 0.1 to 9.14mm; SD
1.7mm). At the stabilized ankle joints, a mild diastasis
of ACS of 0.2mm (range —1.97 to 3.4mm; SD 1.1 mm)
was present in the side-to-side comparison. Both the
SYS group, with a mean ACS of 0.3mm (SD 1.1 mm), and
the SBS group, with a mean ACS of 0.2mm (SD 1.2mm),
had mild diastasis after stabilization in the side-to-side

Table 2 Patients’'demographic data, values of 2D and 3D parameters and statistical analyses

SYS SBS P value (p)

(N=18) (N=29)
Age [years] 50.3 46.8 0.661°
(SD; range) (20.7; 24-87) (16.4; 24-80)
Sex female:male 711 12:17 0.866°
CS stabilized ankle [mm] 2(1.6;1.0-6.9) 6(1.8;,0.1-9.1) 0482¢
CS uninjured ankle [mm] 9(0.9;1.6-4.6) 4(1.1;1.8-5.8)) 0.098¢
ACS [mm] 3(1.1;,=1.1-3.2) (12 —19-34) 0.710°
LCS stabilized ankle [mm] 8(1.5;0.5-6.6) 8(15,08-7.6) 0.292¢
LCS uninjured ankle [mm] 9(1.1;03-4.7) 6 (1.3;0.6-6-0) 0.107¢
ALCS [mm] 4(14,-20-33) 3 (1.1, —1.4-2.1) 0.714¢
Aa 7] 0.5 (4.6, —8.4-7.8) 2.1(3.7,—39-115) 0.192 ¢
antTFD stabilized ankle [mm] 10.7 (3.9;4.5-20.5) 12.2(3.8;3.2-19.9) 0.190¢
antTFD uninjured ankle [mm] 11.1(2.8;6.4-18.0) 10.8 (3.2;4.5-16.4) 0.744°
AantTFD [mm] —04 (2.5, —48-37) 14 (3.0, —4.0-9.0) 0.037¢
Az [mm] 0.5(24; —3.2-5.5) 0(1.2, —3.0-2.1) 0477°

All data is presented as mean (SD; range). CS Clear space, LCS Leporjarvi clear space, ALCS Side-to-side difference of LCS, Aa Translational angle, antTFD Anterior
tibiofibular distance; AantTFD = side-to-side difference of antTFD, Az = vertical offset; *Mann-Whitney-U-Test; °Chi-Square test; “Student’s t-test
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comparison, which did not differ between the two groups
(p=0.710, Table 2, Fig. 3). Further, both stabilization
methods showed a slight dorsalization of the fibula to the
tibia on the stabilized ankle, as reflected by a mean Aa of
0.5° in the SYS group (SD 4.6°) and a mean Aa of 2.0° in
the SBS group (SD 3.7°, p=0.192; Table 2, Fig. 3). Resto-
ration of the fibula-to-tibia length ratio also did not differ
between the two stabilization methods, with a mean Az
of 0.5mm (SD 2.4mm) for SYS and a mean Az of 0mm
(SD 1.2 mm) for SBS (p=0.363, Table 2, Fig. 3).

Rating of reduction

Syndesmotic malreduction was found in 12 patients
(26%) according to A«, in five patients (11%) accord-
ing to Az and in three patients (6%) in assessment of
ACS. One patient had a combination of ACS>2mm
and Az<—3mm and one patient of ACS>2mm and
Az>3mm. No combined Aa and ACS malreduction was
detected (Table 3). Increased posterior translation was
the most frequent reason for evaluation as syndesmotic
malreduction in coronal and sagittal plane, with 66%
(N=10/15). The overall rate of syndesmotic malreduc-
tion in sagittal and coronal plane was 32% (N=15/47).
Seven patients (39%) of the SYS group and eight patients
(28%) of the SBS group were assessed as malreduced
(p=0.255, Table 3).
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Table 3 Rates of malreduction, statistical analysis between the

groups
SYS(N=18) SBS(N=29) P-value
ACS anatomical 17 27 1.000°
malreduction 1 2
ALCS anatomical 17 28
malreduction 1 1
Aa anatomical 12 23 0.234°
post. Mal. 4¢ 6°
ant. Mal. 2°¢ 0°
AantTFD  anatomical 9 16
post. Mal. 3 11
ant. Mal. 6 2
Az anatomical 13 29 0,006°
shortening 3 0
lengthening 2 0

ACS Side-to-side difference of tibiofibular clear space, Aa=translational angle;
Az=vertical offset; 2 Chi-Square test; ° Fisher’s Exact Test

Correlation of the 3D with 2D parameters

Mean ALCS was 03mm (SD 1.2mm) and mean
AantTFD was 0.7 mm (SD 2.9 mm). The detailed absolute
values of 3D and 2D measurements of the injured and
uninjured sides are shown in Table 2. The Spearman-Rho
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Fig. 3 Histograms regarding tibio-fibular clear space difference, vertical offset and translation angle for patients stabilized with suture-button or
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correlation coefficients (p) between ACS and ALCS was
0.567 and 0.671 between Aa and AantTFD.

Discussion
The aim of this study was to compare the quality of syn-
desmosis reduction and fixation performed with either
SYS or SBS using standardized 3D-based measurement
techniques.

The underlying null hypothesis that both procedures
result in comparable immediate post-operative align-
ment of the syndesmosis assessed with 3D-based method
could not be rejected. Both stabilization methods showed
a similar rate of syndesmotic malreduction. Increased
posterior translation was the most frequent reason for
evaluation as syndesmotic malreduction. For the used
measurements of the mediolateral and anteroposterior
alignment, a good correlation of established 2D measure-
ments and the 3D measurements could be shown.

Currently, there are few cadaver studies evaluating
the outcome after stabilization of the syndesmosis using
3D-based measurement methods [30, 32]. In contrast
to these, we found a mild diastasis in mean (0.2 mm) in
both SYS and SBS stabilization. Also, our results con-
firmed that stabilization with SYS or SBS provided com-
parable results analyzed with 3D measurements [30]. In
contrast to these 3D results, studies with two-dimen-
sional measurements have reported a significant differ-
ence between SYS and SBS, with increased clear space
in SYS in sense of diastasis of the syndesmosis [10, 23].
Clinical studies have shown that diastasis in side-to-
side comparison of more than 2mm is associated with
a worse outcome [2, 7, 23]. Therefore, this value is used
in numerous studies as a cut off value for evaluation as a
malreduction [2, 9, 22, 33].

It has been shown that 2D measurements cannot fully
describe the three-dimensional relationships of the syn-
desmosis [15, 16]. When considering the CS alone, the
low rates of syndesmotic malreduction are confirmed by
the 3D measurement. Comparable to our 3D analysis,
2D studies considering reduction in coronal and sagit-
tal planes separately also showed that malreduction was
more frequent in the sagittal plane with mostly posterior
translation than in the coronal plane [10, 11]. Using a 3D
comparison of the uninjured side with the side of a syn-
desmosis lesion within fractures, Burssens et al. show a
dorsal translation of the fibula of —4.7 mm in mean [15].
In addition, the sagittal alignment of the syndesmosis was
independent of plantar or dorsiflexion [34]. These find-
ings should be considered intra-operatively when reduc-
ing the fibula. The rate of syndesmotic malreduction
independent of the surgical procedure was comparable to
other studies [2, 7, 10, 23, 35]. In contrast to our results,
lower rates of malreduction ranging from 0 to 16% have
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been reported for the SBS, with studies using inconsist-
ent parameters [22, 23, 36, 37]. This is due to our sepa-
rate consideration of coronary and sagittal malreductions
on the one hand and exclusion of patients with inta-
operative CT on the other. Based on intra-operative CT
findings, the alignment of the fibula in the tibio-fibular
incisura could be improved by immediate readjustment
in 25.5% [38]. Therefore, in any treatment of syndesmotic
injuries intra-operative three-dimensional imaging or
at least post-operative computed tomography is rec-
ommended [38]. Based on these data, the clinic’s inter-
nal standard of open reduction was extended to include
direct visualization of the syndesmosis and rigorous
bilateral intra-operative 3D imaging in the treatment of
syndesmotic injuries.

To our knowledge, this is the first 3D-based in vivo
analysis of post-operative radiological outcome after
stabilization of the syndesmotic injuries. The 3D meas-
urements were independent of anatomical landmarks,
allowing them to be carried out repetitively and inde-
pendent of the examiner. Side-to-side differences can be
measured exactly afterwards. Currently, no validated 3D
measurement parameters are available, so the compari-
son of 3D parameters with two-dimensional CT can be
rated as a limitation. However, the performed correlation
of these 3D parameters with established 2D parameters
showed a good correlation.

The main limitations of the used 3D technique are
described in a previous work by Souleiman et al. [14].
Also, validation of the method on non-anatomically
reduced fractures is still needed [14]. Previous studies on
this topic used different parameters to assess the syndes-
mosis, making comparison difficult [9, 22, 23, 36]. It has
been demonstrated that a side-to-side difference in the
width of the syndesmosis of more than 2mm is associ-
ated with a worse clinical outcome [2, 4, 5, 7]. At what
level of malalignment revision surgery will result in a bet-
ter outcome than non-revision is not known and should
be the subject of further clinical investigation.

It might be discussed that non-weight-bearing CT
scans were used for this study. But, the value of weight-
bearing CT imaging for assessment of post-operative
reduction is still controversial. Pre- and intra-operative
CT scans are also unloaded [38-40]. In preoperative
planning for reduction of syndesmotic lesions non-bear-
ing cone-beam CT with 3D analysis, as performed in this
or other studies, offers a low-radiation alternative to con-
ventional CT [15, 32].

Also, the creation of 3D volumes and analysis of their
configuration is still resource and time consuming. With
further development of computer software, improved
imaging, and its automated processing, it is expected
that this limitation will decrease in the future. This will
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enable a clinical evaluation and classification of these 3D
measurements as well as reevaluation of the method on
a larger number of cases. Which stabilization procedure
should be preferred is still being debated [20, 21, 41-44].
Recent studies show a better functional outcome after
SBS stabilization [17, 21, 41, 45]. It remains to be seen
whether analysis of the relationship between the 3D and
clinical parameters will reveal differences between the
two stabilization techniques and identify causative fac-
tors, if appropriate.

Conclusion

The analysis of three-dimensional volume bodies has
shown no differences in immediate post-operative align-
ment of the syndesmosis with either syndesmotic screw
or suture-button system. Comparable rates of syndes-
motic malreduction after open stabilization could be
shown. A separate evaluation of the congruency of the
syndesmosis in each plane is recommendable. Special
attention should be paid to syndesmotic malreduction in
the sagittal orientation of the fibula in relation to the tibia
in radiological control of the syndesmotic congruity as
well as intra-operatively.
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